Objective To assess the feasibility of using birth attendants instead of bereaved mothers as perinatal verbal autopsy respondents.
Introduction
Of the approximately 8.8 million deaths that occur annually in children under 5 years of age, 41% occur in neonates. 1 A child is 45 times more likely to die within the first 28 days of life than in the entire period from 28 days to 5 years of age. 2 Three quarters of all neonatal deaths, or approximately 2.7 million deaths annually, occur during the first seven days of life and are termed early neonatal deaths. 3 In addition, an estimated 2.7 million stillbirths occur annually. [4] [5] [6] Early neonatal deaths and stillbirths,
which together comprise what are termed perinatal deaths, account for the highest proportion of deaths among children less than 15 years of age. In this age group, they account for twice as many deaths as malaria and human immunodeficiency virus (HIV) infection combined. 7 Over 98% of perinatal deaths occur in low-and middle-income countries and more than two thirds occur in community settings, frequently at home. 8, 9 These deaths that take place outside the formal health-care system are rarely included in the vital registers. 10, 11 In fact, vital registration data are unavailable for over 97% of perinatal
deaths, yet such data are necessary for designing measures to reduce perinatal mortality. A coherent health policy based on accurate information needs to be developed to address the most common causes of perinatal death. 7, 12 Verbal autopsy is one of various techniques that have been developed to compensate for the lack of data on the causes of deaths that occur in community settings. 13 It is an indirect method of ascertaining the cause of death where civil registration and health systems are weak. 14 During a verbal autopsy conducted to investigate the causes of a perinatal death, a systematic description of the signs, symptoms and circumstances preceding the death is obtained through an interview with the primary caregiver, traditionally the mother, of a lost fetus or child who has died. 15 In most cases a physician panel uses the data thus obtained to ascertain the cause of death. Less commonly, the cause of death is established by using algorithms, neural networks or probabilistic approaches to interpret these data. [16] [17] [18] Verbal autopsy has been validated against more conventional methods for establishing the cause of death and it is used in large surveillance programs and vital registration systems.
Traditionally, the perinatal verbal autopsy respondent is the mother whose neonate or fetus has died. However, birth attendants could make better verbal autopsy respondents than mothers for several reasons: (i) They may be more aware than mothers of the circumstances surrounding the birth; (ii) they are often the first to attempt resuscitation and often have greater insight than the mother into the events that led to the death. Often the circumstances surrounding such deaths become embedded in the memory of birth attendants who live in the same community as the mother. For these reasons, our group undertook a prospective study to investigate whether birth attendants could be a suitable alternative to mothers as respondents during perinatal verbal autopsies. Our a priori hypothesis was that mothers' and birth attendants' responses to selected close-ended items on the verbal autopsy questionnaire would show more than 80% concordance.
Methods

Study design, setting and subjects
This prospective observational study based on verbal autopsy was an ancillary study to the FIRST BREATH Trial, conducted by the Eunice Kennedy Shriver National Institute of Child Health and Human Development's Global Network for Women's and Children's Health Research. 20 The FIRST BREATH Trial was a cluster-randomized, controlled trial that investigated the effects of implementing a package of neonatal care practices and neonatal resuscitation in community settings.
Our verbal autopsy study included 38 communities in the Democratic Republic of the Congo (Equateur province), Guatemala (Chimaltenango province), Pakistan (Thatta district) and Zambia (Kafue district). Each community was a geographically defined area consisting of a cluster of villages with approximately 300 to 500 deliveries per year. For every birth enrolled in the FIRST BREATH Trial, birth attendants collected data on fetal monitoring, birth weight, APGAR score, any resuscitation required, and the use of bag or mask ventilation. The data were then reviewed for correct procedure by trained nurses (with 3 to 4 years of health training) or community health workers (high school graduates with 18 months of health training), who were designated as community coordinators.
Within one week of the occurrence of an early neonatal death or stillbirth in a community, birth attendants notified community coordinators, who then visited the family, determined its eligibility for participation in our study, and requested consent from eligible mothers. The family was excluded from participating in the study if: the birth or death took place in hospital; the delivery occurred without the presence of a birth attendant; the mother was unavailable for any reason (including peripartum death); or the mother could not be enrolled in the study within seven days of the perinatal death. A seven day enrolment window was chosen to reduce the possibility of recall bias. 15, 19, 21 Because the mother is traditionally the respondent during perinatal verbal autopsies, we included only cases in which the mothers were available for interview. Because this study was community-based, hospital-based deliveries were excluded. Informed consent was obtained from mothers in a private and confidential setting. The consent form was read to all mothers, who were asked to sign it or, if illiterate, to affix their thumbprints. Community birth attendants participated in the study also. They included people who were untrained as well as with some form of training, who had some were traditional birth attendants, nurses and nurse midwives. Physicians were excluded from the study.
Uniform data describing the circumstances surrounding a perinatal death were collected separately from each mother and from each birth attendant using a standardized verbal autopsy questionnaire developed specifically for this study from a validated verbal autopsy tool. 
Respondents included in this analysis
During the verbal autopsy interview, the mother and birth attendant were asked whether the baby was dead or alive when born (i.e. whether a stillbirth or an early neonatal death had occurred). Because the interview included detailed questions about the circumstances that existed before and during the death, the perceived time of death (i.e. before or after birth) may have influenced participant responses. To avoid the difficulty of interpreting results when the mother and the birth attendant had a different perception of the time of death, we restricted our analyses to the subset of deaths on whose timing the mother and the birth attendant were in agreement.
Data collection and analysis
Data were entered and transmitted electronically to the data coordinating centre ( communities during this period. There were 518 perinatal deaths among these births, and 81 of them were ineligible for the study because the delivery occurred in a hospital (79) or the birth attendant was absent at the time of delivery (2) . Of the 437 eligible deaths, 185 were not enrolled in the study because the mother was not available for interview within seven days after the death (145) or did not provide consent (40). This left a total of 252 perinatal deaths (from 241 deliveries, some of them multiple) that were eligible for participation and for which consent was granted. Our final sample for this analysis included the 234 deliveries (245 perinatal deaths: 134 stillbirths and 111 early neonatal deaths) for which there was concordance between the mother and the birth attendant as to the time of the death (i.e.
stillbirth versus early neonatal death). Seven deaths were omitted due to discordance in this respect. Table 1 provides the sociodemographic characteristics of the mothers by birth outcome. Mothers that experienced an early neonatal death or a stillbirth were similar in terms of age, parity, education and marital status. Mothers who experienced a stillbirth had a breech delivery significantly more often than those who experienced a neonatal death (P = 0.04). The place of delivery and type of birth attendant were similar in both groups.
Early neonatal death answer by a birth attendant). Specificity ranged from 0.52 for Question C6 (i.e. the mother had received tetanus toxoid when first pregnant) to 1.00 for 12 of the 64 questions to which at least one mother answered no. Of the total of 64 questions, 52 had a specificity of 90% or more. Appendix B compares the responses given by the mothers and the birth attendants to the verbal autopsy questions. Sensitivity ranged from 0.29 for Question A8 (i.e. mother had suffered abdominal trauma or accident) to 1.00 for 8 of the 44 questions to which at least one mother answered yes. Of the total of 48 questions, 31 had sensitivities of 80% or more. Question D9 (i.e. the child's arms/legs had strength) also had poor sensitivity (0.33). Specificity ranged from 0.69 for Question A12 (i.e. mother had received antenatal care other than from a traditional birth attendant) to 1.00 for 9 of the 47 questions to which at least one mother replied no. Of the total of 48 questions, 40 had a specificity of 90% or more.
Stillbirth
Discussion
Our results show that the responses given by mothers and birth attendants to nearly all questions on the perinatal verbal autopsy questionnaire are highly concordant (80% or greater agreement) when the interviews take place within seven days after the perinatal death. This suggests that interviewing birth attendants instead of mothers may be a suitable alternative for collecting data for verbal autopsy. Using birth attendants instead of mothers as perinatal verbal autopsy respondents has potential advantages from the public health, economic, logistical, emotional and ethical perspectives. Current perinatal verbal autopsy methods are such that interviewers sometimes have to travel long distances to collect information for verbal autopsy from bereaved mothers living outside their communities. 13, 15, 19 The process can take months, is relatively expensive and involves extensive logistical planning. 18, 24 Additionally, in the early stages of planning community leaders often have to attend sessions where they learn about verbal autopsy, which is generally unfamiliar to them. All of this increases the logistical and economic burden of conducting perinatal verbal autopsy. 19 Using birth attendants instead of mothers as respondents shortens the verbal autopsy process and hence decreases costs and minimizes logistical planning. For example, birth attendants from the same region could all be interviewed in a single location within a given time period. This would allow verbal autopsy interviews to be conducted at scale in resource-constrained countries. One limitation to this approach is that perinatal verbal autopsy can only be conducted for deliveries occurring in the presence of a birth attendant, and in rural communities not all deliveries are attended.
Some authors have discussed the pros and cons of using bereaved parents as verbal autopsy respondents. In many rural settings strong cultural beliefs (e.g. that the deceased child was a "spirit child") preclude any discussion of the deceased neonate. 25 Furthermore, because many children have not been given a name before they die, such children are not considered born in a social or cultural sense.
Hence, people fear that discussing them will invoke malevolent spirits who will become manifest in subsequent deliveries. 2, 26, 27 Other authors have reported that in areas with weak medical services and poor service uptake by community members, bereaved mothers are reluctant to complete lengthy questionnaires because they fail to see their utility. 28, 29 It has also been reported that although mothers are able to retrospectively report the signs and symptoms of an infant's illness, they may be unable to gauge their severity. 27 These are some of the reasons that highlight the potential role of birth attendants as verbal autopsy respondents.
When concordance was examined by question category, it was found to be 95% or more for at least half of the questions on birth attendance and site of delivery and on stillborn/neonate characteristics. This is not surprising, since these categories cover the period when the birth attendant is usually present. By contrast, a concordance of 95% was found much less often on the questions on parturition history, perhaps because birth attendants may have arrived after the onset of labour.
Nonetheless, it is clear that concordance varied widely for different categories of questions.
In our study, individual questions were found to vary in their sensitivity and specificity when the respondent was the birth attendant. Certain questions had high sensitivity and specificity. This was true of the questions on sepsis: "Did waters break one or more days before delivery?" "Did the mother have a fever?" and "Was there was a vaginal odour"? By contrast, the following questions had low sensitivity:
"Was the child coughing?" and "Did eye colour change to yellow"? These findings suggest that in harmonized verbal autopsy tools, each question can be "weighted" both for its importance in establishing the cause of death and for its sensitivity and specificity when birth attendants are used as verbal autopsy respondents. Alternatively, the perinatal verbal autopsy questionnaire could be further refined by eliminating questions with low response concordance and using only questions with high sensitivity and specificity when the respondent is a birth attendant.
New verbal autopsy tools have been introduced since this study was conducted. They include, for example, harmonized verbal autopsy tools recently published by the World Health Organization and the Institute for Health Metrics and Evaluation. 30 We believe that if these tools, which are broadly similar to ours, were used, they would yield results very similar to those obtained in this study.
This study has several strengths. Verbal autopsy interviewers received standardized training, and the use of the same interviewer for the mother and the birth attendants reduced the likelihood of interviewer bias. Bias was also reduced by alternating the order of the interviews with the mothers and birth attendants. Mothers and birth attendants were interviewed within seven days of a perinatal death to preclude recall bias. We reiterate that this particular study was not designed to establish the cause of death, which we address in a separate publication. 23 The objective of this study was to find out how birth attendant responses compare with mothers' responses on verbal autopsy interviews, and to this end we applied very stringent inclusion and exclusion criteria. The study also has limitations. The stringent inclusion and exclusion criteria and the use of currently accepted verbal autopsy tools may limit the widespread applicability of the findings. Only cases in which mothers and birth attendants agreed on the time of death (stillbirth versus early neonatal death) were included in our study, but disagreement was minimal (only 7 of 245 cases). Respondent bias may have confounded the results because respondents may have given answers that reduced their culpability in a death. We addressed this in the trial by systematically emphasizing during all phases of training and during the interview that accurate reporting of the facts surrounding each perinatal death was critical to the successful completion of the study and that there would be no incrimination by truthful disclosure. It is possible, since no two communities are alike, that the use of birth attendants as verbal autopsy respondents will be more successful in some communities than in others.
Conducting verbal autopsy interviews with the frequency required to capture perinatal deaths within seven days of delivery may pose logistical challenges to a health system. Further research is needed to determine whether similar results would be obtained if interviews were conducted more than one week after a perinatal death. Finally, our results are only applicable to cases of stillbirth and early neonatal death in which a birth attendant was present during the birth.
Conclusions
In settings where most deaths occur outside the health system, verbal autopsy is used as a real-world, data information system and may be the only practical, available tool for describing the cause of death.
Our results suggest that during perinatal verbal autopsy birth attendants can be used as surrogates for bereaved mothers. This has important implications for low-income countries from a public health, economic and logistical perspective. Although it may be premature to recommend widespread use of birth attendants as perinatal verbal autopsy respondents, we recommend, based on our findings, that further research be performed using existing harmonized perinatal verbal autopsy questionnaires to assess whether our findings would be replicable if the interviews were conducted more than seven days after a perinatal death.
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